Abstract.-Hypothalamic extract, containing the releasing factors for anterior pituitary hormones, within minutes stimulated adenyl cyclase activity and adenosine 3' :5'-cyclic phosphate (cyAMP) concentrations in rat anterior pituitary in vitro. Cerebral cortical extract was ineffective and hypothalamic extract had no effect on these parameters in posterior pituitary or thyroid. Prostaglandin E1 also increased adenyl cyclase activity and cyAMP levels in anterior pituitary tissue. Although NaF augmented adenyl cyclase activity, it did not elevate cyAMP. Epinephrine, norepinephrine, histamine, serotonin, dopamine, and vasopressin did not increase either adeny] cyclase or cyAMP. The increased adenyl cyclase and cyAMP produced by hypothalamic extract was associated with greater luteinizing hormone release from anterior pituitary in vitro.
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Activation of adenyl cyclase and increased levels of adenosine 3':5'-cyclic monophosphate (cyAMP) have been implicated in hormonal effects in many different tissues.1 Recent evidence also suggests that changes in the adenyl cyclase system may mediate anterior pituitary hormone release. Schofield2 reported that theophylline, an inhibitor of phosphodiesterase, stimulated growth hormone (GH) release from bovine pituitary slices.2 Wilber et al.1 confirmed this finding and noted that theophylline also increased thyroid stimulating hormone (TSH) release from rat pituitary halves.3 Furthermore, the dibutyryl derivative of cyAMP also augmented TSH and GH release in vitro. Bowers et al. 4 reported that cyAMP and adenosine 5'-triphosphate stimulated TSH release from rat pituitary in vitro and that thyrotropin releasing factor (TRF) raised cyAMP levels.
The present studies were done to test the effects of a hypothalamic extract oil adenyl cyclase activity and cyAMP concentration in rat anterior pituitary in vitro. Luteinizing hormone (LH) release was measured to assess the biologic potency of the extract.
Materials and Methods. Substances to be tested (20 M&l) were added, and the reaction was initiated by the addition of 50 M4l of Buffer B. After 30-min incubation at 370, the reaction was terminated by placing the tubes in a boiling H20 bath for 3 min. In both assays, using homogenate and whole anterior pituitary, 0.1 ml of a mixture of ATP, ADP, AMP and cyAMP (2 mg/ml each) was added to each tube. To the tubes from the homogenate assay, 0.4 ml H20 was added, while 0.5 ml HCl (0.1 N) was added to the tubes from the assay using whole pituitary. These latter tubes were homogenized, placed in a boiling H20 bath for 15 min, and then neutralized with 0.5 N NaOH. 3H-cyAMP (20 Ml of 0.6,uCi/ml, 4800 epm) was added to all tubes to monitor recovery during purification (usually 50% recovery). After centrifugation 14C-or 32P-cyAMP was separated from other radioactive nucleotides by the method of Krishna et al.5 The supernatant solution was added to a Dowex 50 W-X4 column (hydrogen form) and then eluted with H20. The 3.5-7.5-ml fraction was collected and precipitated twice with 0.2 ml 5% ZnSO4 and 0.2 ml 0.3 N Ba(OH)2. After centrifugation, the supernatant (4.8 ml) was added to Triton X-100 phosphor (15 ml) and counted in a liquid scintillation spectrometer.
For cyAMP measurements whole anterior pituitaries were weighed and preincubated for 2 hr in a Dubnoff metabolic shaker at 370 in 0.5 ml of Krebs-Ringer bicarbonate buffer (pH 7.4) containing 1 mg/ml glucose, 2 mg/ml albumin, and, in some cases, 10-2 M theophylline. 'The pituitaries were then transferred to 0.5 ml of fresh buffer of similar composition for a 3-to 60-min incubation. Hypothalamic and cerebral cortical extracts and other substances to be tested were added to the appropriate flasks. At the end of this incubation, the tissue was homogenized in 0.5 ml of 5% trichloroacetic acid and cyAMP was measured by a modification6 of the method of Breckenridge.7 3H-cyAMP (10 uAumoles, 9600 cpm) was added to the homogenate to monitor recovery. Trichloroacetic acid was removed by ether extraction and cyAMP was separated from ATP, ADP and 5-AMP by the method of Krishna et al.5 cyAMP was converted to ATP by incubation with phosphodiesterase, myokinase, and pyruvate kinase. A similar tube, but without phosphodiesterase, was included as the control. The resulting ATP was assayed using glucose-1-'4C as previously described.8 This latter method was modified to include pyruvate kinase and phosphoenolpyruvate so that the ADP formed would be recycled to generate more ATP. The sensitivity of the method is 10-12 mole. LH release into the medium during incubations was measured as previously described.9
Hypothalamic extract was prepared from ovine hypothalamic fragments as previously described.10 Cerebral cortical extract was similarly prepared. These extracts were dissolved in 0.1 N HCl (6 mg/0.1 ml) centrifuged and; the clear supernatant was neutralized to pH 7.4 using 5.6% NaHCO3. Prostaglandin E1, a gift from Dr. Tohn Pike, Upjohn Co., Kalamazoo, Michigan, was dissolved in 0.1 ml absolute alcohol (1 mg/0.1 ml), and 0.9 ml Na2CO3 (0.2 mg/ml) added. The monoamines (1 mg) were dissolved in 0.05 ml 0.1% sodium metabisulfite. Aliquots were added to Krebs-Ringer bicarbonate or TrisHCl buffer containing 0.1% sodium metabisulfite.
Bovine TSH (2 units/mg) was provided by the Endocrinology Study Section, National Institutes of Health. Vasopressin (20 units/ml, pitressin) was purchased from ParkeDavis Co. Sterling-Winthrop, Inc. supplied i-epinephrine bitartrate and i-norepinephrine bitartrate monohydrate. Histamine dihydrochloride was obtained from Nutritional Biochemicals Corp., and serotonin creatinine sulfate monohydrate and 3-hydroxy-VOL. 63, 1969 tyramine HCl (dopamine) were purchased from Calbiochem. Phosphoenolpyruvate (tricyclohexyl ammonium salt) was a product of Sigma Chemical Co. 32P-ATP (700-1500 mCi/mmole) was supplied by International Chemical and Nuclear Corporation. 14CC-ATP (40 mCi/mmole) and 3H-cyAMP (1.4-2.3 Ci/mmole) were obtained from Schwarz BioResearch Corp. Triton X-100 phosphor contained per liter 5.5 gm 2,5-diphenyloxazole, 0.1 gm 1,4-bis[2-(4-methyl-5-phenyloxazolyl)I benzene, 333 ml Triton X-100 (Packard Corp.), and 667 ml toluene. Dowex 50 W-X4 resin (hydrogen form, 200-400 mesh) was purchased from Bio-Rad Laboratories. Phosphodiesterase was prepared from rat cerebral cortex.6 Other enzymes used were purchased from Boehringer Mannheim Corp.
Results.-Adenyl cyclase activity of the anterior pituitary was proportional to the amount of homogenate and the time of incubation up to four minutes (Table  1) . Hypothalamic extract significantly increased adenyl cyclase activity within one minute and the effect persisted for at least 16 minutes. Stimulation was obtained using as little as 0.66 mg/ml, and greater effects were noted with larger amounts of the extract (Table 2 ). Although cerebral cortical extract was ineffective, NaF increased anterior pituitary adenyl cyclase. This substance stimulates adenyl cyclase in many tissues."-'3 Hypothalamic extract also increased anterior pituitary cyAi\IP concentration within three minutes of its addition (Table 3) . Such stimulation was increased as the incubation was prolonged. 0.66 mg/ml hypothalamic extract significantly augmented cyAMP levels and maximal stimulation was produced with 2 mg/ml.
The data in Table 4 demonstrate that anterior pituitary adenyl cyclase activity was doubled by hypothalamic extract, but there was no change in posterior pituitary or thyroid adenyl cyclase. TSH increased thyroid adenyl cyclase activity, and NaF stimulated posterior pituitary adenyl cyclase activity, indicating that the activity in these tissues could be increased. Hypothalamic extract increased cyAMP levels sixfold in anterior pituitaries but had no effect on posterior pituitaries removed from the same rats. Prostaglandin El stimulated adenyl cyclase activity and cyAMP concentration in anterior pituitary (Table 5) . Although NaF stimulated adenyl cyclase activity, it did not elevate cyAM\P levels. A similar dissociation of NaF effects on adenyl cyclase and on cyAM1P was observed in thyroid."4 Anterior pituitary adenyl cyclase activity and cyAMP were not increased by vasopressin, epinephrine, histamine, norepinephrine, serotonin, or dopamine. The results are the averages of duplicate determinations. The slices were preincubated for 2 hr in 0.5 ml of KRB buffer containing glucose (1 mg/ml), albumin (2mg/ml) and theophylline (10-2 M). (Table 5 ). This suggests that The results are the averages of duplicate or triplicate determinations. The concentration of cerebral cortex and hypothalamic extract was 6 mg/ml. Anterior and posterior pituitary tissue was obtained from the same group of rats. When adenyl cyclase activity was measured, 0.5-1 mg of anterior pituitary and posterior pituitary homogenate was incubated for 4 and 8 min, respectively. Adenyl cyclase activity in thyroid was measured using homogenate equivalent to 10 mg of beef thyroid incubated for 8 min. The concentration of TSH was 2 units/ml. When cyAMP was measured, whole anterior or posterior pituitary was preincubated for 2 hr in 0.5 ml KRB buffer containing glucose (1 mg/ml), albumin (2 mg/ml), and theophylline (10-2 M). The glands were then incubated with the appropriate extract for 10 min. 9.1 For the assay of adenyl cyclase whole anterior pituitary (5-6 mg) was incubated in 0.15 ml 0.04 M Tris-HCl buffer containing 3.5 mM Mg++, 10 mM theophylline, 1 mg/ml albumin, 6 X 10-5 M ATP, 0.5 ,uc 14C-ATP, 4 X 10-3M cyAMP, 2 X 10-2 M phosphoenolpyruvate, and 250 ,ug/ml pyruvate kinase. The results are the mean + sEM of triplicate determinations. For cyAMP determinations, the whole anterior pituitary was preincubated for 2 hr in 0.5 ml KRB buffer and then transferred to 0.5 ml buffer containing the appropriate extract or substance for a lO-min incubation.
The results are the average of duplicate determinations.
epinephrine-induced release of these hormones may be mediated via some other mechanism. The experiments of Kakiuchi and RalJ22' 23 indicate that catecholamines may effect cyAMP concentrations differently in different tissues. Although norepinephrine stimulated cyAMP in rabbit cerebral cortex and cerebellum, the effects tended to decrease in the latter tissue after six minutes of incubation but persisted in the former one. Catecholamines stimulated adenyl cyclase activity in pineal gland and this effect could be inhibited by $-blocking agents and serotonin.24 Although histamine depletes FSH in rat pituitary in vivo and has been identified in hypothalamic extracts,25 it did not increase cyAMP in anterior pituitary. Histamine elevated cyAMP concentration in cerebral cortex and cerebellum. 22 23 In the pineal it did not stimulate adenyl cyclase 
